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A B S T R A C T ’

L] 498 is a classic example of a dense cold pre-protostellar  core. To study

the evolutionary status, the structure, dynamics, and chemical properties of this

core we have obtained high spatial and high spectral resolution observations of

molecules tracing de]isities  103 to 105 c]n ‘ 3. We observed CCS,  N113, C3112, and
j

IIC7N  with NASA’s DSN 70 m antennas. WC also present large scale maps of

(3]60  and ‘3C0 observed with the AT&T 7 m antenna. For the high spatial

resolution maps of selected regions within the core we used the VLA for CCS at

22 GHz, and the OVRO-Mh4A for CCS at 94 GHz and CS (2-l). The 22 GHz

CCS emission marks a high density (11(112)  > 104 c m-3) core which is elongated

with  a rllajor  axis  alo]lg tile SF,-hTW d i rec t ion . N}13 a]id C3 H 2 emissio]]s  a r e

located inside the boundary of the CCS emission. C180 emissiol]  traces a lower

density gas cxte]iding beyond the CCS boundary. Along the major axis of the

dense core CCS, NH3 and C311Z  (emission show evidence of limb brightening.

The observations are consistel]t  with a chemically differentiated onion-shell

structure for the 1,1498 core, with N113 in the inner and CCS ill the outer parts

of the core. l’hc high angular resolution (9” to 12“) spectral line maps obtained

by combining NASA Go]dstonc  70 m and VI.A data resolve the CCS 22 GIIz

elnission  in the southeast and northwest boundaries into arc-like enhancerncnts,

supporting the picture that CCS elnission  originates in a shell outside the NI13

emitting region. Interfcrornctric  maps of CCS  at 94 GIIz and CS at 98 GIIz

show that their emitting regions contain several small scale dense condensations.

We suggest that the differences between the CCS, CS, C3112, and hT}13 emission

arc due to a time depelldent  effect as the core cvc)lves slowly. We interpret the

chemical and physical properties of 1,1498 in terms of a quasi-static (or slowly

contracting) dense core in which the outer envelope is still growing. The growth
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ratc of the core is determined by the density increase in the CCS  shell resulting

from the accretion of the outer low density gas traced by C180.  We cox]clude

that L1498  could become unstable to rapid collapse to form a protostar  in less

than 5 x 105 years.

Subject headings: star: formation - ISM: molecules - ISM: clouds -

IShl:  ilidividual  (1,1498) -radio lines: IShf
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10 I N T R O D U C T I O N

To analyze the structure and evolution of a prototype pre-proto-stellar  core, we chose

the dark cloud core L1498  in the Taurus complex, which is one of the smallest and simplest

quiescent cores (cf. Benson & Myers, 1989). Its line width and size indicate that it is in an

evolutionary stage potentially close to collapse. It is very cold with a kinetic temperature

of 10 K (cf. Ficbig, 1990), or possibly as low as 6 K (Wolkovitch  et al., 1996). It has one of

the narrowest lines known, N 0.15 km s--l (Fu]lcr & hfyers, 1992; Velusamy  et al., ) 995). A

multi-transition C3112 analysis (Cox  et al. 1989) gave a gas density ]i(Hz)  of 8 x 104 Cnl-s

at the ]Ienson  & hflycrs  rcfcrcncc posi t ion.

‘J’he  physical condition and composition of the gas in L1498 arc probably rcpreselltative

of that existing prior to star formation durix]g  the build-up of pr-otostellar  material.

IIowcvcr, far from bei]lg simple, this source }las provell  to be quite enigmatic. A hint to

its complexity erncrged  when the distribution of CS (2–}1 ) was found not to be coincident

with the NH3 distribution (Zhou  et al, 1989). k’icbig  observed this core in several molecular

species using  the Effclsbcrg  100-m telescope with spatial resolution of 40”. llis CCS  map at

22 GIIz as well as maps at 45 and 94 GHz  (Wolkovitch  et al., 1 996) show two local emission

features separated by 2’, while the N113 map (BcnsoI]  & hfycrs, 1989; F’icbig,  1990) shows

a single co]nponc]lt  approximately midway between the CCS conlpo]]elits.  With higher

angular resolution, Zhou  et al (1 994) observed a clumpy ring of CISO (2–+ 1 ) emission with

a hole ccntercd  approximately 011 tlic N113 emission. Lemmc ct al (1 995) found the ring-like

structure less obvious in C]60 (1+0), rather more like the two component structure seen

i)l CCS, but still recognizable when compared to the C ]*O (2 + 1 ) emission. in the C*80

(2 -+ 1) transition, they also observed several small structures with sizes w 30” (0.02 pc)

and masses * 0.01 M@, comparable to the structures found by Langcr et al (1 995) in

Th(lC1-1>.  Lemme et al (1995) concluded from studying CS (3+2) emission maps in the
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core that there was no evidence for inside-out collapse.

In this paper we extend the study of 1,1498 to smaller scales using single dish and

illterferolnetric  observations. We recognize that part of the problem il] interpreting

the structures observed by different molecules is the chemical differentiation between

tracer molecules. In order to resolve the chemical structure we present high spectral and

spatial resolution observations of several high density tracer molecules, and in multiple

transitions in the case of CCS.  Our observations show that the dense core in 1,1498 is very

i]lhonlc)geneous  with large che]nical  variation]]. Fro]n  the evidence presented here a]) overall

picture emerges of a chemically differentiated multi-layered ellipsoidal shell structure for

the core. The excitation analysis of CCS transitions are discussed by Wolkovitch  et al.

(1 996). l’he physical characteristics of the small scale  structures will be cliscussecl  in detail

ill l’apcr 11 (Langer et al, 1996). III this paper wc discuss

1,1498 and the status of its pre-protostc]lar  evolutioll.

t}]e overall che]nical  structure of

2. 013  SERVATIONS  “

We made nigh spectral resolution observations of CCS, HC7N,  and NI]3  at 22 C;llz

using IYASA’S Deep  Space hletwork (DSN) 70 m antenl]a  at Golds tone, and of C3112 with

the DShT 70 m at Canberra. We map])ed 1,1498 fully iu CCS,  but only alollg  the elongated

axis i]] C3112 al]d IiIi3, all with very high velocity resolutions of 0.008, 0.064, and 0.015

km s-], respectively. We also observed the CCS tral]sition  at 45 and 94 GIlz at the center

position to obtain excitation information about CCS. in order to study the small scale

structures in the features unresolved in the single dish lnaps,  we selected a few fields for

observation at very high spatial resolution using interferometers: 22 GIIz CCS with the

VI.A, and 94 GHz  CCS  and 98 GHz CS with the OVRO-MMA.

The transitions observed and the telescopes used are described in Table 1. In ‘1’able
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2 we list the rest, frequencies used for the spectra discussed in this paper. We also list

the frequencies given in the literature in Table 2, many of these were taken from the JPL

Spectral l,ine Catalog (Pickett,  Poynter & Cohen, 1991). For CCS we have adopted the

notation of Saito et al (1 987) for labeling the levels .] Because of the high spectral resolution

of our observations and the narrowness of the lines, uncertainties in the line rest frequencies

can be significant. ‘1’herefore,  in ‘1’a,ble 2 we also give the corresponding uncertainty in l~,s~.

Among the transitions in l’able 2, with the exceptiol]  of N113, the frequency of the CCS

(2] -} l.) transition seems to be the most reliable. q’herefore  we have acljusted  the rest

frequel]cics  of other tral]sitions  such that their VLs}{ will match that of CCS (21 --+ 10) at

the IiI]e peak as determi]led  from a, gbussiah  fit. Such al] adjustment is valid because of the
;.

simplicity and the narrowness of the L1498  spectra. lndecd we suggest that these adjusted

frequellcies  are to be preferred over the literature values. We found a systematic shift of the

IIC7N  J=20 + 19 line ill 1.1498 wit]] respect to the otllcr lnolecular  lines. A similar shift

was  re])orted  by I,allger et al (1 995) il] TMC1 . We used the IIC7N spectra in Thf Cl and

],149S  to recompute the frequellcy  of this transitioll  as 22559.9202 MHz with an accuracy

of  +0.001  M}lz.

III table 2 CS has the largest uncertainty in frequency. As pointed out by SIICI1,

l,al]gcr,  & ]“rcrking  (1 982) the values used for CS may bc in error. in the Pickctt, Poynter

& Cohc]] (1 991) catalog, the frequency is given as 97980.950+0.050  hflIIz.  The frequency

USCC1  by Snell,  l,angcr, & Frerking  (1982) and Lemmc et al (1995) is 97981.007 GIIz.

The OVRO-hlMA observations use 97980.968 hfllz.  We used the CS (2-1) spectra from

OVRO-h4hflA  (this paper) and lRAM 30m (Langer  et al, 1996) to estimate a new frequency

.——

‘The JP], catalog assigns a different labeling of (A~,J) whereby the h’ qualltun~  number is

assigned to the state of a given  J which has the largest contribution from the basis function

with the same NT quantum number
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that will be consistent with the CCS 22 GHz  spectrum. We estimate the correct frequency

for tile  CS (2-1) transition to be 97981.040 GHz  within + 4 Iillz.

2.1. S ing le  Dish  Obse rva t ions

Between 1993 October and 1994 Novcrnbcr,  we made sillgle dish spectral line lnaps of

1,1498 in the 22 GHz CCS (JN==21+10)  transition with 0.008 km S-l channel width, and

with a high sigIial-to-lloise  ratio, INyquist sampling every 24” over 4’ x 5’ region using the

NASA Goldstonc  70 m antenna. l’hc observational details are given in l,anger et al (1 995).

III Nc)vember  1995 wc made observations of the (J, K) == (1,1) transition of N113 at 23.7

Cllz using the same antenna, but with a new 1 S-26 GIIz cooled-IIl~Mrl’  pre-amplifier  in

place of the maser. We used a velocity chan~)el  width of 0.0154 km s-1 which is larger than

tl]at used for CCS  in order to observe all of the 18 hy])erfine  lines  of the (J, K) =-- (1,1)

transition within the available band}vidth.  We observed 13 positions alol]g the major axis

every 20”. I,:,1

We also made observations of the 3~-,A’+ == 1 ~,0 --} 10,1 transition] of C3]12  at,1 8.3

Gllz transition using the NASA Canberra 70-m ante]]na in September 1995. A cooled

}IltIvIT pre-amplifier covering 13- I 8 GIIz was used. ~’he downconvcrter  is similar to the

OT)C at Goldstone.  The signals were processed with a 16,384 chanlJel  digital fast Fourier

spectrometer having  a 20 Ml]z bandwidth. We mapped a 6’ x 1.5’ region along the major

axis with Nyquist  sampling every 25”. We also set lilnits on the intensity of NH3 (2,2)

emission at three positions in L1498.

To get an overall view of the distribution of the less dense (11(11 2) < )04 cm-3)  regions

il) 1.1498 we also made large scale maps of ‘*CO, 13C0,  and CIEO emission with the A2’&rJ’

Rc1l Laboratories 7m antenna. We mapped the 12C0  and 13C0 emission over a 12’ x 12’

region, and the C160  (1 -O) emission over 8’ x 8’. Wc used a velocity resolution of 0.068
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km s-l. C180 (l-O) spectra were also observed with a higher velocity resolution of 0.034

kms-’ attwopositions  corresponding totwo peaksin  CCS,  inthe SEand NW. The CCS

94  G]lzandthe  C34S (2-l) lincswcrc  also observcdat  the NIIspeak with the AT&? ’Bell

Laboratories 7m antenna using a velocity resolution of NO.039 km s-].

2.2. lnterferornetric  Observa t ions

WC used the VI,A (I) configuration) alld  the OVI{O-hfMA  to study tllc  slllall scale

structure in the 1,1498 core. Due to limited observing tinle we were not able to map the

el}tirc  extent of the core with the interferometers. Instead we selected a few fields based

on  tllc  sil]gle dish CCS map at 22 Gllz. l’hc V1,A CCS  spectral li]}c maps at 22 GIIz

were Inade in 1)-configuration on 1995 hfarch  31 and April 7 for 12 l~ours total,  with a

velocity resolution ~ 0.04 km s-] . ‘1’lle data were take])  using  256 c.hanlle]s and 0.78 M}]z

bandwidth without IIanning slnoothing. ‘1’hc source 0400+258  was used for amplitude and

phase calibration. The flux density of the calibrator vas 0.63 Jy at 22 Gllz and the radio

sourc.c 3C48  was usccl for bandwidth calibration. The s])ectral  line maps were produced

using All~S. ‘1’o lmaximize  the signal-to-noise ratio most of the maps were slnoothecl  to a

lower resolution of 1 2“.

“1’he CCS 94 Gllz and CS 98 Gllz OVRO-h4MA  s~)ectral line maps were nladc  between

1993 October and 1995 April. Our exploratory observations (93-94 observing season)

used the five antenna array in the A configuration with the map center at RA(19QO) =:

04~0777t50’.0  and DEC(1950)  == 25 °02’1 2“, which is the position of the N113 peak (Benson

& Myers 1989). Both CCS and CS spectra were detectecl  in t}le shortest baseline (15m).

II] CCS ]Io small scale emission feature was detected within the field of view. ]n the

case of CS no small structure was observed llear the map center, and the only structure

detected was located 30” west of the map center. In our second set of observations in
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1994 October-November we observed CS centered at this position and at a second position

centered at the SE CCS peak ill the single dish map. ‘J’he  results presented here arc frolm

this second set of observations which used the 6 antennas in configuration A. A third set  of

observations were made ili 1995 April consisting of CCS at 94 G]Iz centered at two positions

which were selected from our VLA maps of the CCS peak. All the OVRO data were

taken using 128 channels with 1.98 h411z bandwidth without on-line Ilanning  smoothing

(vcloc.ity  resolution 0.05 km s-’). The source 0528+134 was used for both alnplitude  and

p}]ase  calibration. The flux density of the calibrator was 4.9 ancl 5.2 Jy at 94 and 98 GIIz,

respectively. ~’hc data were calibrated using the OVRO-h4MA  software and the spectral

lil)c maps were produced using AII’S.  T}lc CS and CCS maps were smoothed to a 12“ beam

to lnaxilnizc  their signal-to-noise ratio.

3. RESUIJTS

3.1. Large  Sca le  Ve loc i ty  and  I)ensity  Structure in L1498

We use our ‘3C0 and  CIS() (l-O) data to determine the large scale distribution of gas

with low al)d moderate densities, respectively, in and around 1,1498. ’110 illustrate the extent

of the velocity field seen by different density tracers we show in Figure 1 examples of spectra

observed at the CCS peak (RA(1950)=4h  07~56’,  DEC(1950)=  25 °01’30”). All the spectra

except CS (2-1) are from the data reported in this paper. The CS (2-1) spectrum shown

here was obtained by averaging lRAM 30 m data observed over a 1‘ extent centered at this

position (Paper 11). For these spectra we have adopted the rest frequencies listed in Table

2. ‘Me ‘2C0 and 13C0 spectra have very large line widths, extending from VLSI{=: 7 to 10

km S-l. In contrast the IIC7N  spectrum shows the narrowest single velocity component at

VLSR== 7.820+0.003  km S-l  with FWIIM == 0.136+0.008  km s-l. C180  also shows strong
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cmission at this velocity. The presence of a second component at VI,SRE 8.1 km s-1 is

evident in the C180  (l-O) and CS (2-1) spectra. There is also some indication of this feature

in the CCS  spectra.

in order to bring out the velocity structure of the low density gas towards the direction

‘3C0 and C180 emission in threeof the dense core in 1,1498 we show in l’igure  2 maps of

vclociiy  ranges: 7.5 to 8.0, 8.0 to 8.5, and 8.5 to 9.0 km s-l. These maps also show a

selected contour of the integrated 22 Gllz CCS emission (SCC also Figure 3) to mark the

location and extent of the high dellsity  core of L] 498. Both the ‘3C()  and Clso maps show

significant incrcasc in the column density towards the core in the VI,SR ral]ge  7.5 to 8.0 km

s -] although the 13C0 map may bc affected by optical depth effects. q’hc C180  map shows

an elongated source approximately 8’ x 5’, with its minor axis at a position angle of w300

(}2 of N). ‘]’hc orientation and the extent  of this cmissiorl  ~ecrns to illdicatc t}lat it Corllcs

from a larger volume surrounding the dense core traced by CCS.  The low density gas in the

velocity ranges 8.0 to 8.5 and 8.5 to 9 km S-l are located to the SE and NW, respecti~~ely,

of the CCS core in both the CISO and 13C0  maps. It is not, clear if these velocity features

arc related to the core or are only seen in projection. IIcre we limit our discussion to the

structure of the dense core at 7.5 to 8.0 km s–],

3.2. Single Dish Maps of  the High Density Core

3.2?. 1. DSN 70 m (XX h4aps

TO present an overview of the high density core of L1498 wc first show the distributions

of tllc integrated intensity and mean velocity of the 22 GIIz CCS emission (1’igure  3).

CCS traces a roughly ellipsoidal distribution for the high density core with the major axis

approximately along the southeast to northwest direction centered about 30” SE of the
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ammonia peak, which is labeled B. The CCS integrated intensity map additionally shows

two distinct peaks labeled A and C. These peaks are connected by a ridge of fairly uniform

CCS emission, roughly in the SE to NW direction. The NH3 peak is located slightly away

from this ridge and appears to be in a region of low CCS emission. The velocity distribution

ix] Figure 3b shows a gradient along the major axis of the core, perhaps indicating some

rotation about a 30° position angle (east of north), or possibly due to an additional narrow

velocity component in the SE part of the map (see below). The velocity shift is about 0.05

kln  S-], which amounts to 0.42 km S-l pc-l over 3’ (0.1 2 pc).

l~igure 4 shows the Goldstone  70 m channel maps of CCS emission at 22 GIIz. Bccausc

of the high signal-to-noise ratio in the spectra, it was possible to make channel maps over

a very IIarrow  velocity range. The 70 m channel maps shown here were made in t}le exact

channel frequencies and widths to match the VI. A challnc]s  whicl] were separated by 3 kllz

(0.041 km s-’), 1,1498 is rccog:]ized  as an extended ( N 4’ x 2.5’) ellipsoidal COI1lp 011 Ult  with

a positiol]  angle of N 120° and a velocity range of 7,7-8.0 km S–*. ‘1’wo features stand out

within this distribution: 1 ) a prolnilleni  compact feature at its SE end has a ve]ocity  range

of 7.70-7.85 km S-l; allcl.  2) a weaker compact feature at the hTF, end ranges from 7.75 to

7.9 km s -] .

3.2.2. Single  Dish Spectra

ITI l’igure  5 we show the single dish spectra of the high density tracer molecules C C S ,

C 3 4S, JICTN, C311Z, and N113 at the three representative positions marked A, Ii and C ill

l’igurc  3. For comparison we also show C 180. The results of Gaussian fits of the line profiles

arc listed ill ~’able 3. A close examination of the line intensities at the three positions in

1.1498 reveal large chemical differentiation within the core. There is an anticorrelation

between the CCS and N113 emission that is seen more clearly in these spectra. I’hc largest
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variation in the line intensities between positions A ancl H occurs for N113 and II C7NT, but

the strongest emission is at positions B and A respectively. We did not detect NIIS emission

in the (2,2) transition with an upper limit of TA < 0.1 K.

in the case of N113 our spectra inc]udcd a]] 18 hyperfinc  ]incs of the (1,1) transition

(Kuko]ich  1967). The observed spectrum consists of five groups of lines, separated by

mOI-C than 7 km S–l. The central group, which is also the strongest, contains 8 of the

}IypcIfinc  lines blended into two overlapping components. in the outer blue shifted group,

the components overlap within the line width. The other three satellite groups consist of

onc bright line scpara.ted  from a second weaker line by  more than 0.3 km s- 1. We used

only these latter three groups because their structure makes it easier to fit the separate

componc]]ts.  To determine the velocity and lirie-width  of the ammonia emission we removed

the weaker component in each of t,llcsc ]Jairs by a ‘clca?l’  procedure. ~’his ]Jrocedure

successively subtracts componcllts  from the obscrvccl  spectrum correspondi]ig  to the

emission peak in the strongest line  ill each pair. Un]ikc  the usual Gaussian fitting approach

t}lc intrinsic profile. sliapc  is preserved. “J’he final spectra were obtained by averaging the

lillc profiles derived froln  the three ])airs. The averaged line profiles shown her-e arc less

subject to optical clcptli  trapping effects because we did not include t})c central (strongest)

component.

3.2.3. DSN ?’0 m N113 and C3112 l’osition-  Velociiy  hfaps

‘1’o investigate further the chemical differcntiatiorl  within the core, we also compared

the large-scale distribution of C3H2 (1 ~,0 4 l.,l ) a]]d N113 (1,1) emissions. ‘l)hc observations

consisted of high resolution spectra spatially Nyquist  sampled along the SE-NW major axis

(at a position angle of 1160). In Figure 6 we show the position - velocity maps of C3HZ and

N113 intensities. For a comparison we also show in l“igurc  6 the P-V map of CCS  emission
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at 22 G}lz.

Figure 6 brings out remarkably WC1l the velocity and spatial distributions of the

elnission  from t}lese molecules. The most striking feature is that all three molecules show

distinctly different spatial extent but  a common center. N113 has the smallest extent, while

CCS has the largest. The spatial extent  of C3112 is solnewhat  between these two. All three

]naps  SI]OW one strong peak and a sllouldcr  extending to the opposite end. ‘J’he observed

distributions semn to be consistent with limb brightened emission at one end of the nlaill

axis. It is interesting that the strongest emission in CCS  and C3112 is in the SF;, in contrast

to N113 w}lich peaks to tl]e NW of t}lis  center. g’}]csc distr~butiolls  further suggest that the

true center of the core is not the ATH3 peak, but is disp]accd  from it by about 30” to the

Sl~; as marked in Figure 6. The emission of all three molecules along the major axis shows

strong asylnmetry  about the cclltcr.

3.3. In te r fe romete r  Maps  o f  Snlall  Sca le  S t ruc tu re

3.3.1. VIA ~~.$ Maps

‘1’o study the structure of this CCS emissioll  at smaller scales we used the high  spatial

rcsolutio))  capabilities of the VLA. ‘1’hc V1.A field of view (primary beam * 2’) is Smtll]cr

thall  the size of the CCS core in 1,1498, a]ld it was  not possible to map it fully in the time

available. Therefore wc observed two fields along the major axis: one was ccntcrcd  at the

SE emission peak seen in the single dish map Ilear  position A (Irig. 3a); the other field was

at the opposite end near positiol]  C (Fig, 3a). In order to get a complete reprcsentatioll  of

the 22 GIIz CCS emission channel maps, the VLA data for these fields were combined with

the single dish Goldstone  70 m data. Figure 7 shows arl example of the channel maps for

7.80 km S-l obtained with 70 m alone, with the VLA, and combining the two. The reason
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onc needs  to combine the data from the two maps is because the shortest spacing in the

VI,A was about 2500 A and hence, structures on the scale of 30” and larger are missing in

the VLA maps, as seen in Fig. 7b. On the other hand, the single dish 70 m map (Fig,. 7a)

contains all spatial frequencies up to about 4000 A. IIence by combining the VLA and 70

m c{ata  we are able to overcome some of the limitations of individual maps (see Fig. 7c). In

the next paragraph we dcscribc  in rnorc  detail how we combined the two types of map data

using All’S.

l’irst, all the single clis}l nla~)s  were attclluatcd  by the VLA prilnary  beam (FW1lM of

2’) cclltered at the corresponding VLA map center. Then for each channel the visibilitics

at short spacings (<4000 ~) were obtained  by l’ouricr transforming the maps. We adopted

the procedure suggested by Rajaja  & vali Albada  (1 979) and used the Gaussian beam

size of 45” to derive the spectral density fullction for the 70 m antenl~a.  ‘1’he visibi]ities

derived from the single dish map were corrected by  dividing them by the single dish

spcc.tral  sensitivity furlctioll  for t})e 70 m, and adjusting the re]ativc! weights of the sing]c

dish visibilitics proportionately. lhcsc  visibilitics  were then added to the VLA visibility

data, The relative weights for the VLA and single dish risibilities were further adjusted by

matching the overlapping region betwec]]  2500 and 4000 A. ‘l’he channel maps were then

made using the combined risibilities. The combined map reproduces the true brightness

structure containing both small and large scale  features, as seen in Fig. 7c. The combined

maps were smoothed to a lower resolution to improve the signal-to-noise ratio. The beam

used for the map in Fig. 7C is 9“ x 9“. IIowever in view of the weakness of the emission in

other channels  we used a larger beam 12“ x 12“ for all other channel maps discussed here.

?’he colnbined  Goldstone-VI,A  chanllcl  maps for the two fields are show]]  in Fig. 8.

q’he velocity spacing of the maps is 0.04 km s-l which is less than the thermal lille wiclth

of 0.09 km S- 1 for CCS at 10 K. The top left panel shows the velocity integrated emission

and the others are channel?  maps at the indicated VI,sl{.  In order to give an idea of the



.]5-

full extent of the dense core at each velocity wc also show a few representative contours of

the corresponding single dish channel maps. In studying the two fields in the channel maps

it should be borne in mind that they are not corrected for the 2’ VLA primary beam and

only the field within the 35 percellt level of the primary beam is displayed. This taper of

the VI,A primary beam causes an apparent minimum in the region where the two fields

overlap. A prilmary-beam-corrected ‘mosaic’ map will require at least an additional field

)lcar  the center. Furthermore, the rms noise in the SE was only 23 mJy(bcam)-  1 while that

in tllc  INW field was higher 33 nlJy(bealn)-  1 due to poor weather conditio~ls.  The most

strikil]g result  in these maps arc the small scale features (sizes * 20”) that  are resolved by

the VI,A. l~or example in the cllanne]  map at 7.80 km s- 1 there are at least three features

in the SE field and two in the NW.

g’he high resolutioll  of the VLA has fully resolved tl)e SE and AIW brightest emission

features in tllc  single dish (3CS map. ‘J’})c  small scale features in the SIt appear to lie along

an arc which is best secl]  ill l’ig. 7C and in the 7.80 k]n s–l chanllel  map iIl Fig. 4, and it

is also suggested by the single dish 70 m channel maps at 7.80 km s- 1 and 7.84 l-an S--l.

‘l’he CCS  emission along this arc is llot  uniforxn  ancl consists of several small scale features.

‘1’he southern ones appear to be slightly brighter than the northern components. IN the

NW field (at 7.92 km S-l) there is also a suggestion that the arc-like structure in the SE

is mirrored at this end of the 1,1498 ellipsoid. ]lowever,  this arc is less prominent than the

OI]C in the SF, field, ill part because of poorer signal-  to-l]oise  ratio. These arc-like structures

arc seen more clearly in the velocity integrated Goldstol]e-VLA map showll  in Figure  S.

The el)hanced  CCS  emission ill the arcs along the SE and NW boundaries suggest that

most of the CCS is distributed in an cllipsoida]  shell, rather than uniformly throughout the

core. q’he density traced by CCS  in the single dish maps appears to be relatively coxlstant

as determined from CCS excitation analysis of three transitions (Wo]kovitch  et al. 1996),

which would be collsistent with a shell-like distribution.
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3 .3 .2 .  0 W{ O-Mh4A CCS il!aps

In order to search for higher density  small scale features we also observed CCS

(87 A 76) at 94 GI{z with the OVRO-h4h1A  in two fields along the eas t e rn  boundary ,

ccntcred  on the prominent emission peaks  seel~ in the 22 Gllz map at 7.80 km S-* (Figs. 7

& 8). At 94 GIIz, the most prominellt  emission is seen in the northern field while there is

little emission in tile  southern field. Whatever emission is seen within the southern field of

view corresponds to emissioll  from t}ic area that overlaps with the northerr)  field of view.

In other words, there appears to be no small-scale 94 GIIz CCS e:nission  in the southcrli

compo]lent  of the arc. Therefore, we present o]lly the map of the Ilorthcrvl  field i~l Figure 9a.

In Figure 9b we show the 94 G}Iz spectrum at the position of the. CCS  (87 - } 76) peak.

The details of the small scale  structure a?ld excitation modeling will be discussed in I’aper

11. IIcre we only wish to point out t}lat the location of the 94 GIIz condensation appears to

be associated with the limb briglltcncd  shell seen in the VI,A map. ‘J’he  94 GIIz  trallsitiorl

requires higher de]~sities for excitation t}]an tllc  22 G}lz line (a critical dcn]sity of 5 x 105

versus 3 x 104 cm-3) and therefore will trace high de]lsity  condensations. The brightest 94

GIIz crnission  is seen along  and slightly inside of the northern part of the 22 (2Hz sl]ell.

The absence of any 94 C}]z CO1ldcllsatiOIIS  furt}]er  inward  from t}lc shell seems to indicate

that the (3CS abul]dance  decreases, cs~)ccially if the dcv)sity increases inward, as would be

expected for most cores.

3.3.3. 0 VIiO-Mh{A  CS (2-1) h4aps

Figure 10a shows the map of CS (2-1) emission in the two fields mapped with the

OVRO-MMA,  These two fields are approximately centered on the southeast and northwest

peaks in the 22 GHz CCS emission (Fig. 3). The maps were obtained by adding adjacent
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c}lannc]s over which the strongest clnissions  were seen. Figure 10b shows the CS (~!-1 )

spectra at the brightest emission position in the two fields. The CS spectra arc extremely

narrow of the order of 2-3 channels or ~ 0.10- 0.15 km s–l. The velocity difference between

the SE and IXW features is also consistent with the rotational velocity gradiellt  observed in

the sing]c dish CCS  emissio]i  maps (Figure 3b).

The prominent CS conde]]sa.tion  seen in the SE field is about 10“ x 20” elongated

north-south approximately perpendicular to the major axis of the CCS core. q’lle secol~d,

weaker CS feature in the SE field does not correspond to any obvious feature in the (3CS

lnapsl  but lies just east of the arc of CCS emissiorl. Some of the faint features may be

spurious, caused by side lobes as a result of missing some of the short spacings. Addillg

single-disl] data to the OVRO observations will allow a rnorc  complete reconstruction

a)ld analysis of the CS en~issiol], II] the NW field, t}lcre is one bright feature ;is seen at

04~0’7m’48s,  -j 25 °02’20”. ‘l’his feature appears to be s])atially  associated but not coincident

witl~ those seen in the 22 Gllz CCS  maps at 7,80 and 7.84 km s-] (Figure 8).  ~’he arc

described by the 22 G}Iz CCS  emissiol]  appears to surround the CS (2-1) peak.

l’hc physical and dynamical properties of the small scale structure will be discussed in

]’apcr 11, IIcre we just wish to poillt  out that the small-scale structure exhibits variation

i~l both excitation and chemical composjtiorl. The most sigylificant aspect of this structure

is that the most prominent CS emission lies interior to the most prominent CCS emission

at both the SE and NW ends  of L1498.  As discussed above the most prominent CCS

emission appears to come from a roughly ellipsoidal she]] which surrounds the brightest

N113 emission. Due to the limitecl  field of view of the OVRO-MMA the CS (2-1) maps do

not contain information about the overall distributioll  of CS in the core. It is interesting

that the CS condensations observed with OVRO (which are presumably at higher densities

tllal~ those in CCS  at both 22 and 94 GHz) are locatecl  inside the CCS  shell and yet outside

the N113 emission region (see below). No CS condensation was detected within a 30” radius
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of the nominal core center (given by Benson  & hfyers  1989) in the OVRO-MMA maps of

the field centered on the N113 peak (not shown here).

4. I)lSCUSSION

4.1. A Chenlically  Di f fe ren t i a ted  She l l  Mode l

‘l’he picture of 1,1498 which emerges clearly from these observations is that of a clumpy

ellipsoid with radial chemical differentiation outward from the center and an asymmetry

bctwecll the cast and west along  its main axis. The eviclence  is re-capitulated  in Figure 11,

which shows the intensity of emission as a fullction of position along the major axis. The

center of 1,1498 is located 30” S1+;  of the am~nol)ia peak, which has hitherto been considered

t}le center of the cloud. CCS, C311Z,  and N113 all are doubly peaked about this center. A

similar bimodal  distribution is implied by the CS interferometer data, NH 3 is lnost closely

confined to the center.  ‘l’his distribution is surrounded by C311Z,  and possibly CS at a

comparable distallce  froln  the center, and then CCS outside of that. These components are

all elnbcdded  in a larger  C180 distribution. C3112, CCS  and CS are more prominent SE of

the ceIitcr, wllcreas  N113 has its main peak on the NW side.

q’he s1]cII  ancl core parameters are summarized i?) Table 4. The hydrogen density

i]} the CCS shell was obtained from the excitation aialysis  of Wo]kovitch  et al. (1996).

The density in the N113 region was obtained using the approximations of Kuiper (1 994),

assuming a homogeneous sphere geometry and treating position B (Figure 3a) as the central

line of sight. l17c used the collision cross-sections of I)anby et al (1 987). We assumed a

ki]]etic  temperature of 10 K and obtained an optical depth of 1.5~0.5  from the ratio of the

integrated intensifies of the inner satellite group to that of the central group. We found that

the observed brightness temperature and optical depth imply a mean gas density of TZ(HZ )
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>104 cm -3, which is consistent with the estimate of Benson & Myers. The result is very

sensitive to beam filling factors, such as might be due to clumping, however, and increasing

the observed brightness temperature by 60 percent (from the observed 3 K to 5 K) raises

t}lc  density to > 5 x 10 4 c m- 3 . Thus the actual density could be much higher. The mean

density for C3112 was taken from Cox et al (1 989). The density in the ClsO region was

obtained from the brig} ltncss  temperature. Assuming a CISO abundance of 1.6 x 10-7 and

a kinetic temperature of 10 K, we obtained an 112 column density of 3 x 102] cm-2 which ,

with a depth of 0.16 pc along the line of sight, implies a density  of 5 x 103 cxn–3.  “1’he

densities ill the core derived from our CCS and N113 measurements arc also consistent with

those derived from CS by J,emme et al (1 995). The gravitational mass of the core, J14~T,

inside each of the boundaries traced by h7}13, C3112, CCS  and CISO is estimated froln  the

densities  above (see g’able 4).

4.2. Chcnlical Evo lu t ion

Chemical differentiation] in cloud cores can result f’roln gradients in density, temperature,

and t}~e radiation field, because:

(1) IJV and visible  radiation (both external and intcn-~,a])  photo-dissociate and ionize

molcculcs;

(2) the rates of gas phase rmctiolls  alld  depletion oxlto graills  increase with dm,sity;

(3) some reactions are temperature sensitive;

(4) chemical evolution is explicitly time dependent; and,

(5) mass transfer (a source term) introduces fresh material into the core.

We can rule out the first three as factors in the chemical variation in 1,1498. First, ].1’!98

is all embedded quiescent core with no internal source and is well shielded. Second the

temperature and density seem to vary little across the core. Excitation analysis of three
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CCS transitions show that on the larger scale (siIigle  dish data) the temperature is in the

range of 7 to 10 K. The center to edge variation in density is within a factor of 2 (Table 4).

Although depletion onto grains make take place it does not explain the chemical differences

in the core, because we expect N113 should be depleted to the same extent as CS, C:)H2

(Bergin et al 1995), and presumably CCS (’1’able 4).

~’herefore,  the observed chemical differentiatioll  is likely to be the result of mass

transfer of fresh material. ‘1’he absence of ammonia over this larger extent suggests that it

represents a IIewly formed high density region, because the innermost region tracecl  b]’ NT}13

emission is likely to contain a more evolved high density gas. As shown by IIirahara et al

(1 992) in ThfC-1 and by Velusamy,  Kuiper & Langer  (1 995) in 13335,  it appears that CCS

is indeed a tracer of early time chemistry (dense gas formed recently t < 105 yr), while  NH3

is a tracer of more evolved gas, IIc]]ce,  it is in~l)ortant  to co]isider  time depcl]dcnt  chemical

cflccts  while evaluating the structure of dcI]sc cores because not all features arc observed at

any given  tilnc by all molecular tracers.

4.3. Growth  Phase of a Pre-Protostellar  C o r e

‘l’he chemical structure of 1,1498 seems to indicate tliat the dcllse  gas near the central

region traced by NT113 e?nission is rnorc  evolved than the outer gas traced by the CCS

emission. one would expect  to see such density  and chemical structure in the case of a core

undergoing an inside-out collapse as in the case of the protostel]ar  infal] envelope of 11335

(Vclusarny,  Kuiper & Langcr 1995), but the velocity and density structure of 1,1498 show

no evidence for rapid contraction or collapse within the core.

We believe that 1.1498 is quiescent and pre-protostellar.  No continuum emission was

detected in our VLA  or OVRO data ili  any of the fields. The 50 limit for detection was

about 4 and 3 mJy at 22 and 94-98 GIIz, respectively. While the 3 mm flux  density limit is
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an order of magnitude higher than what may be expected for cold dust emission in 1,1498

at these wavelengths (Ward-Thompson et al., 1994 ) it is consistent with the absence of a

warm embedded, and hence evolved, source.

Table 4 shows the virial  mass, A4Vir, of the core inside various boundaries traced by

N113, C3}IZ, CCS and C]80. They were estimated using the formula given by MacI,aren,

Richardson & Wolfenda]e  (1 988).  We used AV correspondi]]g  to the thermal line width for

molecular hydrogen at 10 K as the l]onthcrmal  pressure is negligible: As shown in l’able

4, the derlse core traced out to the CCS edge and the entire region  traced by C160  both

appear to be close to virial  equilibrium. Since A4~r for the hT113 core is only a lower IiImit, it

is plausible, even likely, that it is also in virial  equilibrium. As discussed in Section 3, the

rotation of 1,]498  is less than 0.4 km S-l pc- 1, and therefore provides less that,  10–3 of the

total energy needed to support the cloud. ll~c suggest that the 1,1498 core is contracting

slowly (if at all),  supported by tl]ermal pressure and perhaps by magnetic fields, and is stil”

far from the rapid collapse stage that marks protostar  fc)rmation.

What mccha:lism other than insicle-out-collapse call produce a IlcwIy formed high
*

density e]lvelope  on the outside with an evolved dense gas on the inside closer to the center’?

We suggest that, while a very slow col]traction  may occur ]lear the core ccntcr, the outer

envelope of the dense core (as traced by CCS) is still growillg.  in other words, chemically

young high derlsity  gas is being formed at the interface between the high density CCS shell

and the rela.tivcly  low density (w 103 cm- 3) gas arouncl  it. A comparison of the C]SO and

CCS line shapes (Figure 1 and ‘1’able 3) shows the prcscncc  of moderate density gas traced

‘3C0 with a larger velocity dispersion than that for the high dc]~sityb y  C *80  ( a n d  p e r h a p s  )

core traced by CCS. Lemmc ct al (1 995) nave also deduced a high degree of clurnpiness  in

the low density gas traced by ClgO.  It is, therefore, highly probable that some of tllcsc low

mass clumps accrete onto the CCS core. As discussed in l,anger et al (1995) for TMC-1,

such coalescence may be an important part of the star formation process. We can estimate
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a growth rate for the CCS core using the velocity dispersion in the CO spectra:

h4Co,, w m n A AV~/2

wllcrc m is the mean mass of a gas particle, n is the mean density of gas traced by

C ] SO, A is the collisional  cross section of the CCS core, AIL/2 is the mean velocity with

which the gas approaches the core, as deduced from tl)e C]80 spectrum. ‘J’he minimum

value for A is given by the cross-sectional area of the CCS core. IIowever, the actual impact

parameter is larger due to gravity, and leads  to a collision rate H 2 ti?nes larger. Another

way to approximate this is to divide the surface area by two , since half the gas near the core

surface moves towards it. Assuming a size of 0.16 x 0.10 pc for the CCS core, a density

of 5 x 103  cm- 3, and AVt of 0.4 k]m s-] for the surrounding gas, we estimate a growth

rate of (1 -- 2)X 10-6 MO yr-l, This suggests that the CCS shell with mass N 1 ME is

(0.5 --1 ) x 106 yr old, The age of the N}13 core can be estimated from the total mass of

t}lc  core to be (1.5 – 3) x 106 yr. ~’hc origin of the east-west chemical asymmetry is less

obvious. It may be, however, that 1,1498 is accrcting  material more rapidly on that side,

perhaps from the cloud which is seen in C160  and ‘3C0 (Figure 2).

F’rom the plots of the line-width versus lillcar  size for a collapse model (SCC Zhou  et

al 1994) it would appear that the 1,1498 core is on the verge of rapid collapse. From our

mass estimates the 1,1498 core (as ddincd  by the CCS  boundary) appears to be close to

gravitational stability. Its support is mainly thermal as the narrow line width of IICTN

il]dicates little turbulent pressure support. It would only require less

the core to become unstable and collapse. At the estimated accretion

reached in ICSS  than 106 yrs.

than about  1 M@ for

rate this stage will be
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5. S U M M A R Y

‘1’o study the structure, dynamics, slid  chemical properties of the L] 498 core wc have

obtailled  high spatial and high spectral resolution observations of low, meclium,  and high

density gas tracers. These include intcrferomctric  and single dish observations of the high

density gas tracers CCS at 22 and 94 G1lz,  interferornetric  maps of CS (2-1), and large

scale sillglc dish C160  (l-O) and 13C0  (l-O) maps. The single dish CCS maps show an

elongated structure with its axis at 1 I 6° position angle with the strongest emission in the

S13. I)SN  70 m observations of the N113 and C311Z emission along this axis show a double

peak spatial structure indicatillg  limb brightening and are located within the boul]dary

of the 22 GIIz CCS  emission. The true center of the core appears to be at the position

of the local minimum between the N113 peaks. The observations are consistent with a

chemically differentiated onion -shcl] structure for the 1,1498 core, with NH3 and CCS ill

t}lc inner and outer parts of the core, respectively. The high angular resolution (9” to 12“)

22 GHz  spectral line maps obtained by colnbining  NASA Goldstone  70 m and VLA  di~ta

spatially resolve the CCS emission in the southeast and northwest boundaries into arc-like

cnhallcemel]ts.  These shapes support our picture that CCS emission originates in a shell

outside the ammonia emitting region. The OVRO-h4h4A  spectral line maps of CCS at

94 G}Iz and CS at 98 GHz  in selected fields were made at (12”) angular resolution and

0.05 km S-l velocity resolution. The intcrferometric  maps show that the emitting regions

contain small dense condensations. These arc located inside  the boundary of the 22 G“[lz

CCS emission which approximately delineates the 104 cnl-3 boundary. Both  CS and CCS

are significantly diminished near the center.

q’he differences  between the CCS, CS, C3112, and ATH3 emission suggest a time

dependent evolution due to mass transfer and chemical evolution as the core evolves slowly.

Obviously these show that time dependent chemical effects are important in evaluating
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the structure of dense cores because not all features arc observed at any given time by all

molecular tracers. The CCS shell which contains newly forxmcd dense gas show evidence

that the dense core in 1,1498 is still growing at the rate of N (1 – 2) x 10--6 MO yr-l.

]n conclusion, L] 498 is a classic example of a dense cold pre-protostellar  core that may

be on the verge of rapid collapse to form a protostar. our results suggest that it is in a

quasi stable or slowly contracting phase, Its dense core is still growing by accreting  the

low del)sity  gas around it. WC propose a new ccmter for the core which is potentially the

positiol~ where a protostar might  form.
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Tablc 1: Transitions and Telcsco~ms———

hfolcculc

Ccs

Ccs

Ccs

Ccs

Ccs

lICTN

(3s

(?4s

C’so

C3112

N113

NI13

——.

Tra]]sition

J=2~-+1~

J=43-+3Z

J= 21 --} 10

J  = 87 --+ 76

J=8T -+76

J=: 20-+19

J= 2+]

J= 2-+1
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J, K=l,l
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Band

(GHz)
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23

98

96
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Goldstonc  34m

NRAO VLA

A“I’&T ?IT1
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GoldstoI]e  70m

0\~]{().Mk4Jq

ArJ’Sr,  ‘1’ ~1”1”1

>)

Casiberra 70m

7>

7)

a. S~Jatial  remti~-”calcula.  tcd at the dlstancc to–1,1”498,  14

—.

HPBW

(arcsec)

45

50

9

] 20

9

45

9

115

1001

60

45

45
.1
pc.

——. —

Velocity

Resolution

(km s- ] )

0.008

0.008

0.040

0.040

0.052

0.050

0.049

0.034

0.034

0.064

0.123

0.123
——

——.

Spatial’

Resolution

(pc)
-— ——_—. —

0.030

0.030

0.006

0.080

0.006

0.030

0.006

0.068

0.068

0.040

0.030

0.030
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‘a.ble 2: S]

Molecule

Ccs

Ccs

Ccs

IIC7N

Cs

C34S

C’80

CJ12

N113

N}13

~ctral  line FreauenciesO,

Transition Frequency

1]1 IJiteraturc

(h411z)

‘“22344.033  +.0.001

45379.033 +0.001

93870.107 +0.020

22559.907 +0.009

97980.950 io.050

96412.940 +0.050

109782.182 iO.008

18343.145 +o.oo2b

23694.49553,0.0001

23722.6333+0.0001
———.

.. ———...

vLs~

Uncertainty

km s-l

0.013

0.013

0.064

0.010

0.153

0.153

0.022

0.033

0.0013

0.0013
_-—

I“requcncy

Used

(h411z)

22559.920

98981.040

23694.495

23722.633
——_—

a. It s h o u it many programs used to compu  s l)opp]er shift may

not nave been verjfied  at the 0.1 km s-] level of accuracy. The Doppler correction for the

Goldstone  was done with t}le l) OPSET program obtained from NRAO. The software used to

correct the Canberra data was based on NRAO’S  1101’  SEg’ but does IIot include the motion

of the Earth around the Earth-Moon barycmlter.

b. h4atthews  & ]rvine (1985).
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.

r3hlc_.3:  R esu

Transition

.  ..L--
GIIz

C180

Ccs

IIC7N

cJI~

NH3

C c s

Ccs

IIC7N

CJ{2

Nll~

C 3’S
.

C’go

C c s

I-IC7N

csl”l~

N113

a. UnccI

109

22

22

18

23

~~

93

22

18

23

96

109

22

22

18

23

aint y

\_of  Gaussian Fits to l,ine Profiles

“ T-”-;~
K km s--l

-1
km s-l

———

Position A: (+78’’,  -42”)

1.314 d- 0.011

1.8423. 0.020

0.3392 0.016

2.215 + o.070

0.707 d“ 0.023

7.874 4, 0.001

7 .81540 .001

7.820 + 0.003

7.746 + 0.004

7.821 3:0.004

0.375 j 0.003

0.190 + 0.002

0.1364.0.008

0.260 + 0.010

0.23S 3 0.010
— .——  —

N113 Peak: (+-OO’’,-i  00”)

1.457 i 0.026

0.872 + 0.015

0.122 + 0.01s

0.412 + 0.011

PO!

1.374 + 0.008

1.305 + 0.027

3.125 + 0.021

1.9724:0.038

7.851 4 0.001

7.832 + 0.002

7.866 i 0.013

7.801 + 0.006

7.871 4:0.010

7.8053:0.003

0.1653. 0.003

0.1934 0.004

0.173 + 0.031

0.241 -+ o.o15

0.221 3:0.003

().~z(j  + O-J07
. .

1.592 + 0.030
ascd  on fit alone.

,ion C: (-30’’, +00”)

7.851 + 0.001

7.846 + 0.002

7.846 + 0.015

7.7944.0.002

7.876 k 0.004

0.298 + 0.002

0.1793:0.004

0.1834.0.036

oo250 -j: o.oo5

0.2354. 0.011



Table 4: Parametm..ofi

[ - - - - . - - l

Molecule Sizeb

(pc  x pc)
—.

a.

b,

c.

d,

c.

C]80 0.28 x 0.16

Ccs 0.16 X 0.10

CJ12 0.13

Iwls 0.08

e_chemLc

Density

c m- 3

_—— —-_

5 X103

3 X104

5 X104

> 104

———.. —
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L5iIells  in  L1498  cored

h4co,e(<R)’

h4gT(h4@)
——

> 4

3

~f

>0.1-f

Center of core at R,A. (1950): 04* 07’n52,0

5d

3’

z~,l

] C>l

and Dec. ( 1950): 25 °02’00”<

The lnajor  and minor axis, at 30 perccxlt  of the peak.

q’he mass estimate correspoIicls  to tl]at within  a]] oblate  spheroid of semi- major axis  R

Assumil)g  I/r density and AV = 0.45 km s-]

Assuming uniform dcv)sity  and AV == 0.45 km S-l

f. Assuming axial ratio same as for CCS
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Fig. 1.- Single dish spectra at the CCS  peak: RA(1950)  = 4~07’’’5o.,’,  DEC(1950)  ==

25 °01’30”. The 12 CO(I-0),  ‘3 CO(1-0)  and C*60(I-0)  spectra are from the AT&T Bell Labs

7 m antenna. The CCS  and HC7N  spectra at 22 GHz are from the DSN 70 m. The CS (2-I)

spectrum is from IRAM 30 m smoothed to one arcnli]l  resolution.

Fig. 2.- Channel maps of C180  (1+0) and *3C0  (1–~0)  emission, for VI,SI{ between 7.5

and 8.0 km S-l, 8.0 and 8.5 km S-l, and 8.5 and 9.0 km s-
1. The first contours and contour

illtcr\’als  are 0.04 and 0.1 K km S–l, respectively, for C]80, and 13C0 maps. ‘J’}le  grcy  levels

in the 13C0  maps mark intensities above 1 K km S-l. The thick contours represent the CCS

emission at 22 GHz  in the velocity range 7.5 to 8.0 km s-] (see Figure 3).

Fig.  3.-  Sixlgle  dish CCS enlissioll  at 22 GHz  obse rved  wi th  the  llSN 70 m antcllna. (a)

integrated jntcllsity. ‘l’he labels A and C mark the CCS peaks, ancl H the AT113 peak. ‘1’he

first contour and contour interval are 0.03 K km s-] . (b )  hican Vl,sf{. T})c first (SI~) a?]d

last (NW) contours are 7.810 and 7.870 km S-l respectively. Contour interval is 0.010 km

s-l.

Fig. 4.- Channel maps of 22 GIIz CCS emission obtained from the lISN 70 m data. ‘J’hc

vcdocity  of each channel is labeled. The velocity width of tile  channels is 0.04] km S-l. I’hc

spatial resolution is 45” and the maps are h’yquist  sampled. The fh-st  contour and contour

interval are 0.2 K.

Fig.  5.-  Single dish spectra of  C180  (1~0), CCS (21 +10), CCS (87 --}76),  C34S (2--)1),

IIC7N  (20-+19),  C3HQ (11,0  ~ 10,1), and N113 (1,1) at three representative position A, B and

C in the core of 1,149S as indicated in Figure 3.
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Fig.  6----- Posit  jon-velocity  maps of CCS, C3112, and N113 taken with l)SN 70-rn antennas.

‘1’he position offset is along the major axis (see Figure 3a). The velocity offset is with

respect to V1,s~= 7.80 km S–l . The first contours al]d contour intervals arc 0.4, 0.4 and 0.2

K respectively for HN3, C3112 and CCS. Zero is at the nornjnal  core center (Benson & Myers

1989).  The dashed line shows the position 30” SK of the, ammonia peak, which we suggest

is tllc  true center of 1,1498.

]<’ig. 7.- Channel maps of 22 G}lz  CCS emission  of the 1,1498 core at V1,.$R =. 7.80 k]m s-1

and channel widtl)  0.04 km s- 1 observed with (a) l)SN  ’70 m, (b) VI,A-11 configuration, and

(c) obtained by combining the 70 In and VI,A data. ‘l’he angular resoluticm  in the VI,A

maps is 9“. ‘l’he beam sizes are indicated by  the circle ill the lower  right corner of the

maps. The contour intervals arc 0.09, 0.26 and 0.35 K ill q’~ respectively for the 70 m, VLA

and combined maps, Note that prior to combining with the VLA data the 70 m map was

attenuated by the VJ,A primary beam (2’) alld  t}lc VLA and combined maps shown here are

not corrected for primary beam.
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Fig. 8--- Channel maps of 22 G1lz CCS  emission made by combining the DSN  70 m and

VLA data. The contours and grey levels show the two fields observed with the VLA:  (i) the

southeast field centered at at the position RA(l 950) = 04~07~~56S.0;  DF. C(1950)  = 25 °01’45”.

(ii) the northwest field centered at the position RA(I 950) = 04’07m47s.5;  DEC(1950)  ==

25 °02’1 2“. The maps are not corrected for primary beam attenuation. ‘1’he intensities are

averaged over four adjacent channe]s covering 0,16 km S–l centered at vLS~  w 7,75 km

s -]. OILly intensities inside  the 35 percent level of the primary beam are plotted. l’he thick

contours represent the 1, 2 and 3 K levels  of the single dish 70 m CCS 22 GHz  emissic)n  at

the corresponding velocity. The velocity of each channel is labeled. “l’he velocity width  of

the chanlle]s  is 0.041 km S-l, The spatial resolution ill the maps is 12“X 12“. The lowest

contour level and contour interval are 45 mJy beam - 1 (0.76 K in Tb). The rms noise ill the

southeast and northwest fields arc 23 alld 33 mJy beam - ] rcspcctive]y. g’he top left panel

S})OWS the integrated intellsity. The first contour and co]ltour levels are 0.015 and 0.008 km

s - 1 m J y  ( b e a m )- ]

Fig.  9--- (a) Map of 94 Gllz CCS emission made with the OVRO-h!lh4A  data for the fielcl

centered at the position RA(1950)  = 04h07’’’50;  .0; IIEC(1950)  = 25 °01’45”. The map is

not corrected for primary beam attenuation. The intensities are averages of three adjacent

channels. Only intensities inside the 35 percent level  of the primary beam are plotted. The

thick contour represents the 50 and 75 percent levels of the single dish 70 m CCS 22 Gl]z

emission. The spatial resolution in the maps is 12“X 12“. The lowest contour level and

contour interval are 35 mJ y beam - ‘ (0.34 K ill ‘J’~). (b) “J’l]c 94 GIIz CCS spectrum of the

brightest emission feature, with lincwidth  of 0.168 km s-1 .
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Fig. 10--- (a) h~aps of CS (2-1 ) emission made with the OVRO-hlMA  data ill two fields: (i)

the eastern field centered at RA(1950)  = 04~0’im56s.0; I11;C(1950)  = 25 °01’30”, and (ii) the

wcster]l field centered at IL A(1950) == 04h07’’’480;  O; I) EC(1950)  == 25 °02’1 2”. The intensities

arc a.vcrages  of three adjacent channels covering 0.15 km s–l at VI,SR N 7.80 km S-l. I’he

:naps  are Ilot corrected for primary beam attenuation. Only intensities inside the 35 percent

level of the primary beam arc plotted. ‘1’hc thick contours  represent 50 and 75 percent

levels  of tllc single dish 70 m CCS  22 Gllz cmissiol). The intensities are~ a;:crage  of three

adjaccmt  channels. The spatial resolution in the maps is 12“ x 12“. l’he lowest contour

level al)d contour interval are 35 n-]Jy bealn  - 1 (0.31 K in ‘l’b).  (b) CS (2-1) spectra of the

brightest emission features in the SE a]~d NW fields. Note the narrow linewidths, * 0.10 to

0.15 km s- ]

Fig.  11.- Comparison of spatial distribution CCS, CS, C311Z,  and N}13. The intensit ies

integrated from 7.7 to 7,9 km S–l are plotted as a function offset along the major axis (see

l’igure  3a). Zero offset is at the nominal core center. ‘1’he vertical axis indicates the position

of the true center.
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(a) CS(2-1 ) map
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